A fresh inoculum of human adenovirus type 12 (Adl2) was obtained from the American Type Culture Collection and passaged once on human embryonic kidney cells, and Ad12 DNA was prepared from the first-passage yield to avoid higher passages which might have generated host-virus DNA recombinants. The 18 PstI fragments of Adl2 DNA were cloned into the pBluescript KS vector, and the entire nucleotide sequence of both strands from all 18 fragments was determined by using successive oligodeoxyribonucleotide primers. Adl2 DNA extends over 34,125 nucleotide pairs, and its molecular weight is calculated to be about 22 x 106. The nucleotide sequence of Adl2 DNA was subjected to computer analyses that determined possible open reading of frames on the two strands, the leader sequences, the position of the virus-associated RNA coding region, possible TATA, and polyadenylation signals. The distribution of the Adl2 open reading frames was similar to that in the previously sequenced Ad2 DNA, but there were also distinct differences. Adl2 DNA has an inverted terminal redundancy of 161 nucleotides, compared with 102 nucleotides in Ad2 DNA. There were stretches of sequence identity between Ad2 and Adl2 DNAs at both termini; the overall sequence similarity between the two viral genomes ranged between 59% (polypeptide IX) and 77% (in the E2 region), with high homology also in the sequences for the adenovirus DNA polymerase.
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Over a period of several decades, we have used human adenovirus type 12 (Adl2) and its genome for studies of the molecular biology of mammalian cells and the molecular mechanism of viral oncogenic transformation (see references 13, 15 , and 18 for recent reviews). Adenoviruses have been very valuable models in molecular biology and oncology, and many aspects of adenovirology are still under intensive investigation.
The main topics of research on Adl2 in this laboratory have been the mechanism of Adl2 DNA integration into the mammalian genome (11, 16, 43, 44) , the de novo methylation of integrated Adl2 genomes in hamster cells (29, 42) , and the abortive interaction of Adl2 virions with hamster cells (12, 50, 51) .
Nucleotide sequences in a number of adenovirus genomes have been determined previously and have been compared (48) . The nucleotide sequences of the genomes of Ad2 (33) and AdS (6) have previously been completely determined. It is beyond the scope of this paper to list all the published partial sequences of all human adenoviruses. Several laboratories have contributed partial nucleotide sequences of Adl2 DNA in the past, and these sequences are summarized in Table 1 .
MATERIALS AND METHODS
From a fresh Adl2 inoculum (ATCC purchased from the American Type Culture Collection, Adl2 was propagated once on human embryonic kidney (HEK) cells, and the PstI fragments of the DNA isolated from the purified virions were cloned into the pBluescript KS vector by standard procedures. The nucleotide sequences of all fragments were determined in an Applied Biosystems 373A sequencer by using appropriate 19 -to 24-nucleotide-pair primers and the chain termination method (37) . The nucleotide sequence of both DNA strands was determined over the entire molecule (see the primer locations in Fig. 1 ). The nucleotide sequence of 34, 125 bp of the Adl2 genome has been communicated to the EMBL data library and will be published separately (22a) . Here, we present a functional analysis of the nucleotide sequence of AdM2 DNA and comparisons with the known nucleotide sequences of some of the other human adenovirus genomes.
We have shown previously that, in productively infected human cells, Adl2 DNA can recombine with host DNA. This recombination event can generate symmetric Adl2-host DNA recombinant (SYREC) molecules (9) . In one instance, the SYREC2 DNA consisted of a long inverted tandem repeat of the left terminal 2,081 bp of Ad 12 DNA and of human cellular DNA (8) . To Fig. 1 , the PstI map of Adl2 DNA, as derived from the nucleotide sequence, is presented with all the primers used in the sequence determination of both DNA complements.
In the functional analysis of the nucleotide sequence of Adl2 DNA the following software programs were used. Data bases were searched with the programs blastn (1), tblastn (1), 380 SPRENGEL ET AL. (Fig. 2a) , as previously reported (46) . It is striking that beyond the perfect ITR, there are regions between nucleotides 162 and 237 on the left and nucleotides 33873 and 33948 of the opposite strand on the right end of the Adl2 molecule which exhibit about 64% homology (Fig. 2, bottom) . In Ad2 DNA, the ITR extends over 102 nucleotides, and beyond that sequence only occasional homologies exist (Fig. 2b) . Nucleotide sequence comparisons between the left (Fig. 3a) and right (Fig. 3b) nucleotides of Ad2 and Adl2 DNA reveal numerous stretches on the functional map of Adl2 DNA (see Fig. 7 ). Nevertheless, of short nucleotide sequence homologies.
the region of high homology between Ad2 and Adl2 DNAs in A similarity score between the entire nucleotide sequences alignment positions 5000 to 8000 (Fig. 4) corresponds to the of Ad2 and Adl2 DNAs is presented in Fig. 4 Fig. 7 .
In Table 4 , the nucleotide sequences in Adl2 DNA with similarities or near identities to known and published sequences from other adenovirus promoters were listed. Although it is very likely that the Adl2 DNA sequences correspond to the named genes of other adenoviruses, this possibility has not been confirmed by functional tests in most instances. The nomenclature for the Adl2 ORFs should therefore be regarded as preliminary and must await functional confirmation.
We refrained from sequence comparisons of splicing signals, since such assignments on the Adl2 DNA sequence would be misleading if based solely on nucleotide sequence analyses. With a few exceptions, such comparisons could not yet be backed up by mapping data for Adl2-specific mRNAs on the Adl2 genome as obtained from biochemical experiments.
DISCUSSION
We have determined the sequence of the 34,125 nucleotide pairs in the Adl2 DNA molecule and have compared this sequence with the structures of other adenovirus genomes, in particular that of Ad2 DNA (4) . In many aspects, the distribution of viral functions on the Adl2 genome reflects that in Ad2 DNA with minor differences. The functional map of Adl2 DNA is in agreement with the mapping of the early Adl2 ORFs in all three registers for the rightward-transcribed (top) and leftward-transcribed (bottom) strands are indicated. The nomenclature follows that customary for Ad2 DNA. The map details the ORFs in the EIA, EIB, E2A, E2B, E3, and E4 regions. Some of the reading frames, particularly in the E3 and E4 regions, have not been experimentally determined. The major late promoter (MLP), the Adl2 mitigator (Mi) (50, 51) , the gene for the virus-associated (VA) RNA, and the leaders 1, 2, i, 3, x, and z have also been designated. functions on the genome by previously published DNA-RNA hybridization and cell-free translation experiments (19, 20, 30) .
The ORF in Adl2 DNA homologous to the virus-encoded endoprotease of Ad2 DNA (25) is preceded by a 5.8-kbp unidentified reading frame that lies adjacent to the virusencoded protease in the same reading frame. We have resequenced this DNA segment several times by using different DNA polymerases, but we have unequivocally come up with the same result.
The availability of the entire nucleotide sequence of Adl2 DNA will facilitate more detailed studies of this virus, which represents one of the strongest oncogenic agents for rodents among the human adenoviruses. For our own work on the mechanisms of DNA integration and the de novo methylation of integrated Adl2 genomes, this information will be extremely useful, since it will permit further work on details of the transcriptional map.
The entire nucleotide sequence of Adl2 DNA has already been made generally available. A detailed annotation of the nucleotide sequence can be found there and will not be repeated here. 
